ABSTRACr HEDGECOCK, LoYD W. (Veterans Administration Hospital, St. Louis, Mo.). Dietary influence on innate and acquired resistance to tuberculosis. J. Bacteriol. 92:439-445. 1966.-The pattern of deaths of CFI mice maintained both on a defined ration and on commercial chow, and infected with the H37Rv strain of Mycobacterium tuberculosis was compared with that of animals infected with four wild strains of tubercle bacilli as well as with the Vallee and Ravenel strains of M. bovis. All infected animals fed the defined ration died at a slower rate than those fed chow. The dietary effects were most evident in the groups of mice infected with the human strains of M. tuberculosis at reduced dose levels. Under these conditions, a decrease in rate of death occurred in the infected mice fed the defined ratiop at approximately 3 weeks after infection. Deaths in the animals infected with the bovine strains and fed the defined ration were distributed normally. Interval counts of the number of tubercle bacilli in the lungs of mice infected with a reduced dose of the H37Rv strain of M. tuberculosis showed that in vivo growth of the orgaLnisms was inhibited at 2 weeks in the animals fed the defined ration and at 3 weeks in those fed chow. Nonviable vaccines prepared from the H37Rv human strain and from the Ravenel and Vallee strains of M. bovis were ineffective against infection with the bovine strains. All Since many workers utilize the standard H37Rv strain, it was of interest to determine whether strains of M. tuberculosis recently isolated from primary human infections evoked the host response which is characteristic of the H37Rv strain in CF1 mice. Therefore, in the present paper, the pattern of deaths of CF1 mice maintained both on a defined ration and on chow, and infected with the H37Rv strain of M. tuberculosis, is compared with that of four wild strains of tubercle bacilli freshly isolated from cases of primary tuberculosis, as well as with the Vall6e and Ravenel strains of M. bovis. An exploration was also made of the effectiveness of nonviable vaccines prepared from M. tuberculosis and M. bovis in mice challenged with both species of mycobacteria. The comparative immune response in vaccinated and unvaccinated mice fed a commercial and a defined ration was determined.
The difference in rate of death of susceptible mice after infection with human and bovine tubercle bacilli has been noted previously (3) . The rate of death of mice infected with doses of Mycobacterium bovis which yield an average survival time of 14 to 40 days generally conforms to a normal distribution curve. Likewise, the deaths of mice infected with a sufficiently large, but not excessive, dose of the H37Rv strain of M. tuberculosis follow a normal distribution curve.
However, when the infective dose is smaller, yielding a T50 greater than 21 days, variable numbers of the animals survive longer than might be expected according to a normal frequency distribution. The variations in rate of death have been found to be influenced greatly by the dietary conditions under which the animals are maintained.
Since many workers utilize the standard H37Rv strain, it was of interest to determine whether strains of M. tuberculosis recently isolated from primary human infections evoked the host response which is characteristic of the H37Rv strain in CF1 mice. Therefore, in the present paper, the pattern of deaths of CF1 mice maintained both on a defined ration and on chow, and infected with the H37Rv strain of M. tuberculosis, is compared with that of four wild strains of tubercle bacilli freshly isolated from cases of primary tuberculosis, as well as with the Vall6e and Ravenel strains of M. bovis. An exploration was also made of the effectiveness of nonviable vaccines prepared from M. tuberculosis and M. bovis in mice challenged with both species of mycobacteria. The comparative immune response in vaccinated and unvaccinated mice fed a commercial and a defined ration was determined.
MATERIALS AND METHODS
Mice. Female CF1 mice weighing 14 to 16 g were employed; the maintenance of the mice has been previously described (1) . Each Rockland Mouse Diet was utilized as a standard commercial ration. All rations were furnished ad libitum to the mice. In the case of the defined ration, the mice were maintained on the ration for at least 14 days prior to the beginning of an experiment.
Organisms (5) , and at the termination of the experiment. In certain experiments, the number of viable units of M. tuberculosis in the lungs of infected animals was determined at 1, 2, 3, and 4 weeks after infection, by culture of the diluted, homogenized tissues from groups of five mice. The plate cultures were made on Middlebrook's 7H10 Agar.
RESULTS
An experiment was designed to determine the response of mice maintained under specified dietary conditions to varied doses of the H37Rv strain and four freshly isolated strains of M. tuberculosis, as well as to doses of the Ravenel and Vallee strains of M. bovis. Four groups of 20 mice each were used for each organism. Two of the four groups of mice were fed the defined ration and the remaining two groups were fed commercial chow. One of the two animal groups maintained on each ration was inoculated with a 1 X dose, and the other groups of mice were inoculated with a Y4 X dose of the infecting organism. The rate of death of the mice in each group is indicated in Fig. 1 and 2 .
At equivalent dose levels of infecting tubercle bacilli, the animals fed the defined ration died at a slower rate than those which consumed chow. Maximal dietary differences were observed in the animals infected with the four wild human strains of tubercle bacilli. The rate of death of all mice infected with the Vallee and Ravenel strains of M. bovis followed a normal distribution curve. Likewise, the rate of death of the mice infected with the five human strains of tubercle bacilli and fed chow conformed to a normal distribution curve. In the mice fed the defined ration and infected with the human strains of M. tuberculosis, four of the five strains effected death rates at the j4 x dose level, which deviated from a normal distribution curve in that a percentage of the animals in each group survived longer thAn predicted. This alteration in the rate of death occurred at 22 to 26 days after infection. The deviation from a normal distribution of deaths also occurred at the 1 x dose of human tubercle bacilli in strains producing infections which developed at a slower rate.
The above results indicated that a significant difference existed between M. bovis and M. tuberculosis with respect to the establishment of resistance after injection of the bacilli, even though the infections appeared to be progressing initially at similar rates. Since it was felt that these findings might be explained on pension of tubercle bacilli diluted further by the addition of an equal amount of Kirchner medium. These animals were then killed in groups of five at 1, 7, 14, 21, and 28 days after infection, and plate counts were made of the number of tubercle bacilli in their lungs. Two additional groups of 45 mice were included in the experiment, one of which was immunized with the Ravenel vaccine, 14 days prior to infection. The mice were divided and infected with the Ravenel strain of M. bovis. The division of the animals, infecting doses of the Ravenel strain, and subsequent treatment of the mice were identical to those described for the two previous groups. Tables 3 and 4 show the survival and proliferation of tubercle bacilli in the infected mice. Among the mice infected with the H37Rv strain of M. tuberculosis, there were 4 survivors in the group fed chow and 13 survivors in the group maintained on the defined ration at 54 days after challenge. All of the mice infected with the Ravenel strain died within the experimental period. The tissue counts of the tubercle bacilli in the lungs of the H37Rv-infected mice fed chow and the defined ration show that the organisms proliferated at equal rates for the first two weeks after infection. The number of tubercle bacilli then remained constant for the 3rd and 4th weeks after infection in the mice fed the defined ration, whereas the number of organisms continued to increase until the 3rd week in the groups of animals fed chow. In the mice infected with the Ravenel strain of M. bovis, the number of organisms in the lungs increased through the 3rd week, and all of the remaining groups of five mice were dead by the 4th week. There was no difference in the counts of tubercle bacilli in the lungs of the Ravenel-infected mice between the vaccinated and unvaccinated groups.
DiscussioN
It was demonstrated in the comparative study of M. tuberculosis and M. bovis that the course of infection in mice is markedly influenced both by properties of the invading tubercle bacillus and also by the tissue environment as modified by the diet of the host. The dietary effects were most striking in the groups of animals infected with M. tuberculosis. That the enhanced resistance of the animals fed the defined ration was due to the early inhibition of tubercle bacilli in the tissues was indicated by the finding that inhibition of M. tuberculosis occurred at 2 weeks after infection in the mice fed the defined ration and at 3 weeks in the chow-fed animals. With a critical infective dose of tubercle bacilli, the 1-week differential in induction of inhibition might determine whether a majority of the animals succumb or survive for an extended period.
The course of infection in animals injected with M. bovis differed from that produced by M. tuberculosis in that the bovine tubercle bacilli continued to multiply through the 3rd week of infection regardless of the dietary regimens.
In addit;ion to a different response to diets, M. 
